The The principal goal of this paper is to examine basin-scale sea surface height variability from both TOPEX/POSEIDON and Geosat altimeter data in the Labrador Sea, using a mathematical technique called complex empirical orthogonal function (CEOF) analysis. We had started this analysis with Geosat data. However, it is not realistic to derive the local sea level variability in the Labrador Sea because the long-wavelength satellite orbit error in the Geosat data is still greater than or at least comparable to the basin-scale variability of interest. Instead, the along-track orbit error is removed by an empirical fit over a much longer orbit arc than the scales of interest. Such data not only contain the local sea level variability but also are influenced by that south of the Labrador Sea (see section 3.2). Hence particular attention has to be paid to this nonlocal effect in the interpretation of the Geosat results. After analyzing the Geosat data, we examined the local sea surface height variability from the first 2 years of TOPEX/POSEIDON data, which have a high measurement precision (-2 cm) and a low orbit error (-3 cm) [Fu et al., 1994] . The steric height anomalies from the climatological monthly-mean Levitus data [Levitus, 1982] , which may represent thermal expansion/contraction, 28,325
Introduction
The Labrador Sea has a broad cyclonic gyre circulation bordered to the west by the Labrador Current, to the south by the most northerly branch of the North Atlantic Current, and to the east by the West Greenland Current [Lazier and Wright, 1993] . The wind-driven Labrador Sea circulation from a barotropic model was found to be enhanced in January and February and weakened in July [Greatb.atch and Gouding, 1989; Greatbatch et al., 1990] . Greatbatch et al. [1990] pointed out that the annual variability of the model gyre circulation was related to the wind forcing over the entire North Atlantic. The observed winter gyre in the western Labrador Sea, first discussed by Clarke and Gascard [1983] , was generated by convection after intense surface cooling [Seung, 1987] . Both hydrographic and current measurements suggest that the winter gyre is elongated in the alongshore direction with its center at -200 km from the shelf break. A study of surface circulation in the northwestern Labrador Sea [LeBlond et al., 1981] indicated the influences of relatively fresh and cold water from the Arctic archipelago and as runoff from the continent (also see Ikeda [1989] ). However, only limited attention has been directed to the basin-scale variability in the Labrador Sea, compared with that to. shelf circulation to the west [e.g., Thompson et al., 1986; Lazier and Wright, 1993] .
•Now at Graduate School of Environmental Earth Sciences, Hokkaido University, Sapporo, Japan. However, the altimetric signal in the Labrador Sea is relatively weak based on the previous understanding of the Labrador Sea circulation [e.g., Lazier, 1973; Clarke and Gascard, 1983] . This weaker signal presently makes altimetric analyses of the oceanic features challenging.
The principal goal of this paper is to examine basin-scale sea surface height variability from both TOPEX/POSEIDON and Geosat altimeter data in the Labrador Sea, using a mathematical technique called complex empirical orthogonal function (CEOF) analysis. We had started this analysis with Geosat data. However, it is not realistic to derive the local sea level variability in the Labrador Sea because the long-wavelength satellite orbit error in the Geosat data is still greater than or at least comparable to the basin-scale variability of interest. Instead, the along-track orbit error is removed by an empirical fit over a much longer orbit arc than the scales of interest. Such data not only contain the local sea level variability but also are influenced by that south of the Labrador Sea (see section 3.2). Hence particular attention has to be paid to this nonlocal effect in the interpretation of the Geosat results. After analyzing the Geosat data, we examined the local sea surface height variability from the first 2 years of TOPEX/POSEIDON data, which have a high measurement precision (-2 cm) and a low orbit error (-3 cm) [Fu et al., 1994] . The steric height anomalies from the climatological monthly-mean Levitus data [Levitus, 1982] 
Results
CEOF analysis is carried out to extract spatial and temporal patterns of the altimetric sea surface height anomalies in the Labrador Sea. Only the first eigenmode will be presented and discussed, since this eigenmode dominates the variance of the sea surface height anomalies. Note that in the CEOF analysis, we arbitrarily choose a phase origin for the spatial phase pattern at the northeast corners of the study domains. The phase values in both the spatial and temporal phase patterns depend on this choice. But the phase for the height anomalies is the difference between the temporal and spatial phases and is independent of the choice. Hereafter the spatial pattern of amplitude is shown with a unit of centimeters, while its time series is dimensionless with a mean value of 1.
TOPEX/POSEIDON
The spatial and temporal patterns of the first CEOF eigenmode are presented in Figure 2 . The first CEOF eigenmode 
